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Evaluation of Boundary Layer Height Simulated by WRF Mode Based on Lidar
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Abstract Severe haze occurred in Beijing frequently during December 2015, which had launched two red alerts for
atmospheric heavy pollution. In this paper, according to the lidar stereo data at the tower of the institute of
atmospheric physics of the Chinese academy of sciences, the atomspheric boundary layer height of Beijing city is
retrieved by gradient method, and the simulation results of the mesoscale numerical WRF model are evaluated. The
results show that the two methods have good consistency, but the extreme values are not very consistent. The
correlation between lidar inversion of daily variation of boundary layer height and WRF simulation results reaches
0.76, the root mean square error is 163 m, and the average deviation is —61 m. Meanwhile, the accuracy of WRF
simulation in clean weather is higher than that in polluted weather. In addition, the correlation between the observed
PM2.5 mass concentration and the ABLH of lidar inversion is —0.85.
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Table 1

Main technical parameters of the lidar system

Lidar system

Parameter

Specification

Laser source Nd: YAG
Wavelength /nm 355
Transmitter Pulse energy /m] 30
Pulse repetition frequency /Hz 10-30
Beam divergence /mrad <3
Telescope type Cassegrain
Receiver Field of view /mrad 1-2
Detector Program map table
Time resolution /min 3-30
Data acquisition and processing . .
Spatial resolution /m 7.5

0110002-2



i ot

2.1.2 BE*®
ABL 5 E# A th KRR Z 6 5 #5550 A7E
(EEURY A NN i Rad A N TN = NG =
H S A D AU ROk 1 T R A R
J2 T B AU JRORE 1 BT VR R A B R Al AR R R
VS T J5 e Yk 8 A 4 ) e 0 A 1 AR R R 1 R A R 1
JE ABLH., 806 B 3K 4000 2 /9 J5 1) 1805 10 % 15
5 5 S RORL - B VR BE S TR AR OC L AL L ] DL
S o N R N DI Rl O o S A i
ABLH™,
X O T IR M E i K 1) 1 AR S AT
b 3R AR B O TS B O RCIE Il R S
(PRR) Hy
P(R)R* =CY(R)B(R,MT(R L), (D
Krf, R FHM BB, C AL HIEMW RGN ¥,
Y (R) Ny 54 &5 BE R ARG JLAAT A .4 otk
KL BR O M 5 B R ALY RS5O R 5
T(R.2)RRAE R, PRR R SR B R AR B
e E R IR B VR B 1 R/ PRR O £k A6 2 A8
AR A e ot £ ik B 1 728 Ak, 33X A B2 8 4k
B KA BT B ABLH.,
ofs 5 SR T 1] 90 A5 5 B sy 2 s i i 3 R/ M Sy
HFIWr ABLH B4 . 5 3L PRR BiJE
D(R)=d[P(R)R*]/dR., (2)
W PRR FE A ] &5 BE R OAb By 5 el 728 Ak 1% .
ABLH X F PRR Sl f5e PR AY £ B B E D (R)
B AR s I X6F 7 1 o B {2
) B BE 2 01 SR i TR e E T i RO
A BN AF 5 BEAT A IE , DA IR B B i i A2
BE . EAS. R 16~20 km &b [F1% A5 5 17 5 M
FEATBR 5 LR W 4 2 8 BE B [l 3 15 5 5 B ofe | R
B V-7 FEFEAT P 7 ROE s SR R T R /D
TR R A B LY Savitzky-Golay 38 I % X 1]
WAF 5 AT S 1030 e s d e o WIS 2 A<l
PAG 5 AT LM E S N 8O PR R 5 M2 KR
SRR 5 FE AT P4 15 B LA PR 7 A T 5 09 [ 35
(CREEE
2.2 WRF #E&EKX#EH ABLH
WRF % {8 8 & & 1 NCAR (National Center
for Atmospheric Research) & NOAA (National
Oceanic and Atmospheric Administration) ¥ &
SR 2 TN FE UL T 2K 187 — A b RUBE i 4l A =[]
R G, 45 BARAL 1Y 3l ) 2 5 e B BRI RS
T 23 A A TR DA R DX AR AR I T — A

NI BEACRE SR>,
22,1 HAKXE

AR T B B R WRES.L 7.1, B 58 IX.
S G R M X BRDLR FH R R I iR
W AL P R (36.228°NL 111.278°E) , /K7
w5k Lambert 52, K ¥ 53 #8343 5 oy 36,12,
4 km, 55— Z MK £ 100 X 100, 55 = )2 M A% 50H
103X 103, 5 =2 MM H N 151 X 127, EHZ N
101 2, 0 T A S iR i RR 5 R  h R BN
BERENAHR.2 km FEET 34 2, FEHZTH
SR 50 hPa, BAUET I 2015 4F 11 H 20 H
F 31 B dbmradia , Hod 11 A 0 B9 8 A R4
Bl . BT RGBSR 3 I R AR
i .G (NCEP) & i 19 FNL (final operational
global analysis) P43 1 ZU P8 1E M 85 =800 1R 3, A%
SYHERER 1°X 1%, B 6 h HRAHE R R E M. K2
SR R T ) B S B0k T 52 B B AR
W Lin 7 &9, K 8 4 % B RRTM (rapid
radiative transfer model) J5 &Y, 43 I 58 5T o6 £
RRTMG (rapid radiative transfer model for
general circulation models) 77 &, i 1 i 72 1 £
Noah J7 £ i B 2R H YSU Jr £, Bz Xt i
K H Grell-Freitas J5 €7, i B fls % A 2 H
USGS 30s i LANDUSE %R iZ %R 24 Fh+ b
FIHI 4328, T Ay a5 43 9 38 50 {0 R 400 4t A3k o 82 %) B 40
A,

#2 YHESBMHITE

Table 2 Physical parameterization schemes

Item Content

Lin et al. scheme
RRTM scheme
RRTMG shortwave

Noah land surface model

Microphysics
Longwave radiation
Shortwave radiation

Land surface

Boundary layer scheme YSU
Cumulus parameterization Grell-Freitas ensemble scheme
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Fig. 1 Spatial and temporal distribution of the echo signal monitored by lidar and variation trend of air pollution index
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Fig. 2 Comparison of ABLH results between lidar inversion and WRF simulation
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